Abstract 1,3-Dipolar cycloaddition is a convenient method for construction of various heterocyclic systems. We applied this method for the synthesis 5-hetaryluracil derivatives where substituted uracils played the role of 1,3-dipoles or dipolarophiles. Treatment of the nitrile oxide derived from 5-formyluracil and substituted alkenes gave the appropriate 5-(4,5-dihydroisoxazol-3-yl)pyrimidine-2,4(1H,3H)-diones, which by oxidation with Nbromosuccinimide were transformed into appropriate 5-(isoxazol-3-yl)uracils. When 5-cyanouracil was used as a dipolarophile in the reaction with nitrile oxides, generated from aromatic aldoximes, several 5-(1,2,4-oxadiazol-5-yl)uracils were obtained. An alternative reaction of 5-formyluracil with an excess of nitriles in the presence of cerium ammonium nitrate as an oxidant gave 1,2,4-oxadiazol-3-yl derivatives in moderate yields.
Several uracil derivatives exhibit antitumor, antiparasitic and antifungal activity. [1] [2] [3] Promising bioactivity has been observed also in the case of 5-hetaryluracil derivatives. They exhibit anticancer [4] [5] [6] [7] [8] [9] and antiviral activity against several DNA and RNA viruses. The activity against Leishmania donovani promastigotes has also been reported. 38, 39 The heterocyclic ring can be bound to a uracil ring using different strategies. One of the first successful syntheses of 5-hetaryluracils was the preparation of 5-(2,5-dimethylpyrrol-1-yl)uracil by condensation of 5-aminouracil hydrochloride with 2,5-hexanedione. 40 The same strategy was applied to obtain 5-pyrrol-1-yl-2'-deoxyuridine 41 or substituted imidazolyl derivatives of uracil. 5-(Imidazol-2-yl)uracil has been obtained in poor yield under Debus-Radziszewski reaction conditions from 5-formyluracil, glyoxal and ammonia. 42 Formamide treated with 5-bromoacetyluracil at elevated temperature produced 5-(imidazol-4-yl)uracil. 41 Similarly 5-bromoacetyluracil reacted with thioamides or thioureas gave 5-(thiazol-4-yl)uracils in yields over 80%. 41, 42 In another approach, cross-coupling reactions in the presence of an organometallic catalyst have been applied in the synthesis of 5-hetaryluracil derivatives. Thus, uracil or uridine containing a halogen atom on C5, usually iodine or bromine, were treated with appropriate organostannanes derived from different heterocycles like furan, thiophene, pyridine in the presence of transition metal complexes producing 5-hetaryl derivatives in satisfactory yields. [43] [44] [45] Other types of cross-coupling reaction involving an organometallic catalyst applied in the syntheses of 5-hetaryl derivatives have recently been reviewed. 46 The less explored strategy for the synthesis of 5-hetaryl uracil derivatives involves 1,3-dipolar cycloaddition reactions. Possible manipulation of dipolarophiles (unsaturated compounds like alkenes, alkynes or nitriles) and 1,3-dipoles (i.e. azides, nitrones etc.,) has made this reaction a very powerful tool for the synthesis of 5-membered heterocyclic rings. [46] [47] [48] [49] [50] [51] [52] [53] [54] Several papers have described the formation of 5-(1,2,3-triazol-4-yl)uracil derivatives from 5-ethynyluracil and organic azides in the presence of CuI-sodium ascorbate catalytic system. [46] [47] [48] [49] [50] [51] The formation of both possible regioisomers 1,4-and 1,5-disubstituted triazoles, depending on the applied catalyst, has been found. Thus, the use of the copper salt-sodium ascorbate system as a catalyst has led to the formation of 1,4-regioisomers, whereas 1,5-regioisomers were obtained with Cp*RuCl(PPh 3 ) 2 employed instead of the standard Cu catalyst. 35 Other 1,3-dipoles have been used less frequently. The addition of nitrile oxides to 2'-deoxy-5-ethynyluridine was used in the construction of 5-(isoxazol-5-yl) derivatives. 52 The nitrile oxide and nitrones derived from 5-formyluracil were applied as 1,3-dipoles in construction of 5-hetaryluracils. 53, 54 Other methods like Diels-Alder cycloaddition, cleavage of diazonium salts formed from 5-aminouracil in the presence of azoles have had limited application for single reactions only. 46 In this paper we report the results of our investigation on the 1,3-dipolar addition reaction where uracil derivatives were used either as dipolarophiles or as 1,3-dipoles. Depending on the reagents used, uracil derivatives bearing a heteroaromatic ring on carbon C5 were obtained directly or the primary forming cycloadduct was oxidized using available oxidants to achieve the desired product.
Results and Discussion
The key substrates 5-formyluracils 3 and 6 were obtained in a sequence of reactions (Scheme 1). To avoid interaction of protons present in the uracil molecule 1 with reactants used in the next steps an uracil derivative was primary alkylated either on both ring N atoms or only on N1. Uracil 1 was alkylated with dimethyl sulfate under basic conditions and the resulting 1,3-dimethyl uracil 2 was formylated under Vilsmeier-Haack reaction conditions. In a parallel experiment, uracil 1 at first was treated with formaldehyde in the presence of triethylamine and the resulting 5-hydroxymethyluracil 4 was oxidized by ceric ammonium nitrate (CAN) 56 to 5-formyluracil 5. In both cases the product was obtained in a satisfactory yield exceeding 70% (Scheme 1). Compound 5 was alkylated by methyl acrylate in the presence of triethylamine as a base and product 6 was achieved in 80% yield. 56 Uracil derivatives 3 and 6 were transformed into appropriate oximes 7a, b in the reaction with hydroxylamine hydrochloride and sodium acetate in aqueous ethanol solution (Scheme 2). The oximes 7a and 7b were obtained as mixtures of geometrical isomers E and Z. Separation of the isomers was performed using column chromatography. The ratio of the isomers strongly depended on the reaction time. After 24 hours only isomer Z of 7a was obtained; when the time of reaction was extended to 6 days the isomer equilibrium settled to a ratio of Z/E = 58:42 as determined by 1 H NMR analysis. In the case of 7b formation of both isomers was observed from the beginning till the end of the reaction: after 24 h the ratio Z/E was 84:16 and after 6 days changed to Z/E = 26:74. Mixtures of stereoisomeric oximes 7a,b were transformed in situ into the corresponding nitrile oxides by a treatment with N-chlorosuccinimide (NCS) and triethylamine, these then were directly used in 1,3-dipolar cycloadditions. 
Scheme 3. Cycloaddition of nitrile oxides to dipolarophiles 9a-9d.
To the dipolarophiles (9a-d) we applied unsaturated compounds containing different substituents. In the case of nitrile 9a the double bond is conjugated with a cyano group but it is isolated in 9b. The cycloaddition occurred in satisfactory yield and in both cases the carbon-carbon double bond participated whereas the nitrile group remained unchanged. We assume that the energy of interacting frontier orbitals of nitrile oxides derived from 8a,b correlate better with orbitals of the double bond present in dipolarophiles 9a-b than with HOMO/LUMO orbitals of nitrile group. In the case of acrylonitrile 9a we observed also traces of a regioisomeric cycloadduct, namely 1,3-dimethyl-5-(4-cyano-4,5-dihydroisoxazol-3-yl)pyrimidine-2,4(1H,3H)-dione 10g in the post reaction mixture. The obtained cycloadducts are non-aromatic compounds. Among tested oxidizing agents like 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ), iodine and Nbromosuccinimide (NBS) only the latter gave desired 5-(5-substituted-isoxazol-3-yl)pyrimidine-2,4(1H,3H)-diones 11 in 40-45% yield (Scheme 4).
Scheme 4. Aromatization of selected cycloadducts by oxidation with NBS.
For the synthesis of 5-(1,2,4-oxadiazol-3-yl)uracil derivatives we explored a synthetic pathway where uracil derived aldoximes were directly treated, in the presence of cerium ammonium nitrate, with an excess of the appropriate nitrile 12, used as a solvent. 58 The procedure is simplified in comparison to that described above for the synthesis of 5-(isoxazol-3-yl)uracils. Nevertheless, also in this case, yields of isolated products were only moderate (Scheme 5).
Scheme 5.
An alternative approach toward the synthesis of 5-hetaryluracils.
The 1,3-dipolar cycloaddition reaction of nitrile oxides to 5-ethynyl uracils has been described in the chemical literature as a method for the preparation of isoxazoles. 36 We decided to use 5-cyanouracil 16, a new commercially available dipolarophile (Scheme 6) for a similar purpose. In this case we generated the nitrile oxide from aromatic aldoximes 14. Application of 5-cyanouracil as a dipolarophile in reactions with aromatic nitrile oxides opened up a new simple route to 5-(1,2,4-oxadiazol-5-yl)uracil derivatives. The cycloaddition reaction was carried out in DMF solution with NCS as the chlorinating agent and triethylamine as a base at room temperature for 24 h. The aldoximes were used in a slight excess in respect to the 5-cyanouracil. Isolation of cycloadducts 17 using column chromatography gave pure products in moderate yields of 44-51%. 
Conclusions
We have devised a synthetic pathway for the preparation of various 5-hetaryluracil derivatives using 1,3-dipolar cycloaddition reaction. We showed that the studied uracil derivatives could be used either as a source of 1,3-dipoles or dipolarophiles. Nitrile oxides generated in situ from substituted 5-formyluracil oximes treated with alkenes as the dipolarophiles afforded cycloadducts in moderate yields of 40-60%. An oxidation step is necessary to obtain isoxazole derivatives. We also showed that treatment of 5-formyluracil oximes with nitriles in the presence of ceric ammonium nitrate as an oxidizer leads directly to the respective 5-(oxadiazol-3-yl)uracils. 5-Cyanouracil applied as dipolarophile and reacting with aromatic aldoximes gives 5-(oxadiazol-5-yl)uracil derivatives in satisfactory yields. In summary we proved that different types of 5-heteroaryluracil derivatives could be synthesized by manipulation of 1,3-dipole and dipolarophile structures. The cycloadducts were obtained in moderate yields regardless of the cycloaddition method applied. Traces of unidentified compounds near to the base line of TLC plates were observed. These are probably the products of nitrile oxide dimerization or isomerisation, like furoxanes or isocyanates etc. In our opinion the moderate yields obtained can be attributed mainly to the crystallization used as a final purification method.
Experimental Section
General. All reagents and solvents of analytical grade were purchased from commercial suppliers. Most of them were used without further purification except for CH 2 Cl 2 , which was distilled prior to use and for DMF purified by distillation and dried over activated 3A molecular sieves. Also anhydrous Et 3 N was dried through storage over activated 4A molecular sieves. All reactions were monitored by TLC using silica-gel-coated aluminium plates with a fluorescence indicator (SiO 2 60, F 254 ) and spots were visualized by UV light. Column chromatography was performed using silica gel packed columns (particle size 0.040-0.063 mm, Merck). The purified products were obtained as the colorless solids.
1 H NMR spectra were recorded at Varian 600 MHz System or Varian Inova 300 MHz spectrometer. 13 C NMR spectra were recorded at 150 MHz or 75 MHz, respectively. Chemical shifts were measured relative to residual non-deuterated solvent signals. Melting points were determined using a Boethius M HMK hot-stage apparatus. IR spectra by ATR (Attenuated Total Reflection) technique were recorded on Nicolet 6700 FT-IR Spectrometer (Thermo Scientific). High-resolution electrospray ionization mass spectroscopy (ESI-MS) experiments were performed using a Waters Xevo G2 QTOF instrument equipped with an injection system (cone voltage 50 V; source 120 °C). 5-Formyl-1,3-dimethyluracil (3) was prepared in 72% yield according to reported method. 55 5-(Hydroxymethyl)pyrimidine-2,4(1H,3H)-dione (4) 56 and 2,4-Dioxo-1,2,3,4-tetrahydropyrimidine-5-carbaldehyde (5) 56 were obtained in yield 95% and 73%, respectively. The recorded NMR data for 3, 4, and 5 were in accordance with reported data. N1-Alkylation of 5-formyluracil using methyl acrylate was performed according to procedure reported earlier. 1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidine-5-carbaldehyde oximes (7a) . A solution of sodium acetate trihydrate (0.41 g, 3 mmol) and NH 2 OH·HCl (0.37 g, 2.25 mmola) in H 2 O (3 mL) was added to a suspension of uracil 3 (0.34 g, 2 mmol) in EtOH (5 mL) while stirring at room temperature. After a few minutes a white solid started to precipitate and the stirring was continued for 24 h. A progress of the reaction was monitored by TLC (EtOAc : n-hexane, 2:1). The solid consisting of a mixture of two isomeric oximes was isolated in yield of 93% (0.34 g). The E/Z isomers were separated on silica gel column using MeOH : CHCl 3 18 (s, 3H, N1-CH 3 ), 3.38 (s, 3H, N3-CH 3 ), 7.86 (s, 1H, H-6), 8.09 (s, 1H, CH=N) , 11.06 (s, 5, 36.7, 104.7, 141.1, 141.4, 150.9, 161.4 Methyl 3-(5-((hydroxyimino)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)propanoate (7b) . A solution of AcONa*3H 2 O (1.63 g, 12 mmol) and NH 2 OH*HCl (0.97 g, 14 mmol) in H 2 O (10 mL) was added while stirring to a suspension of 6 (2.29 g, 10 mmol) in EtOH (20 mL). After a few minutes the suspension disappeared and then white solid started to precipitate from a solution. The stirring was continued for 24 h. The solid was filtered off and purified on silica gel column using a mixture of CHCl 3 
General procedure for preparation of 5-(4,5-Dihydroisoxazol-3-yl)-1,3-dimethylpyrimidine-2,4(1H,3H)-diones (10a-f).
To a suspension of oxime 7a or 7b (0.77 mmol) in CHCl 3 or DMF (3 mL) N-chlorosuccinimide (0.11 g, 0.85 mmol) and concentrated hydrochloric acid (1 drop) was added while stirring. An appropriate dipolarophile 9a-d (0.7 mmol) and triethylamine (0.11 mL, 0.77 mmol) were added after 2 h. The stirring was continued for 24 h. The volatiles were removed under reduced pressure and the residue was purified on silica gel column (EtOAc : n-hexane, 3:1, v/v). 5-cyano-4,5-dihydroisoxazol-3-yl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl) 2-(3-(1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-4,5-dihydroisoxazol-5-yl) 41 .0 (C-4'), 75.0 (C-5'), 101.6 (C-5), 117.9 (CN), 144.3 (C-6), 150.8 (C-2), 152.7 (C-3'), 160.4 (C-4 Ethoxy-4,5-dihydroisoxazol-3-yl)-1,3-dimethylpyrimidine-2,4(1H,3H) 5-cyanoisoxazol-3-yl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl) 32.2, 44.6, 51.5, 79.1, 99.5, 114.6, 141.4,  146.8, 150.0, 157.3, 161.1, 171.1 5-methyl-1,2,4-oxadiazol-3-yl)-2,-dioxo-3,4-dihydropyrimidin-1(2H)-yl) 20.6, 89.3, 113.5, 125.3, 127.5, 129.1, 140.0, 142.6,  147.3, 153.2, 160 .0. Anal. Calcd for C 13 5-(3-(4-Bromophenyl)-1,2,4-oxadiazol-5-yl)pyrimidine-2,4(1H, 3H)-dione (17c) 5-(3-(4-Methoxyphenyl)-1, 2, 4-oxadiazol-5-yl)pyrimidine-2, 4(1H, 3H) 
5-(5-

